This paper will show that large population size and high population density negatively impact the progress of measles elimination.
In 2002, the World Health Organization (WHO) of the American Region (AMR) successfully interrupted the circulation of the endemic strain of measles virus; the WHO Regional Committee of the Western Pacific Region (WPR) aimed to eliminate measles by 2012 (1) . However, the progress towards measles elimination in WPR and other WHO regions except AMR has not been so smooth (2) . Japan has intensified measles elimination activity since 2008 by modifying the vaccination schedule and switching the reporting system from sentinel-based reporting to the reporting of all cases (1) . However, measles elimination, defined as``less than one confirmed measles case reported per million population per year (excluding imported cases)'' (3), has not yet been attained.
I previously reported that the measles incidence among different prefectures in Japan and different European Union (EU) member countries (that joined in or before 1995) correlated with population size, i.e., the larger the population size, the higher the measles incidence (4) . More recently, I discovered that measles incidence strongly depends on population size and density (size/density) in the EU (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , WPR (2009 WPR ( -2011 , and AMR (2007) (2008) (2009) (2010) by using a population size-density matrix graph, on which countries stratified according to measles incidence are plotted (5) . In the present article, using the same methodology, I examined the possible impact of population size/density on the progress of measles elimination in Japan since 2008, when the intensified measles vaccination program was implemented (1) . Japan is suitable for study because the vaccination program was implemented uniformly, and relatively accurate data are available.
Data on the population size and density (2006) and measles incidence per year (2008) (2009) (2010) (2011) in all prefectures in Japan are listed in Table 1 . At the bottom of the table, the correlation coefficients (CC) between measles incidence and population size (population size CC) and between measles incidence and population density vaccination program progressed, the measles incidence became increasingly correlated with population size/ density. The initial lower correlation may reflect the frequently observed asynchrony in the early implementation phase of many programs, and the later higher correlation may reflect more uniform implementation, making the demographic impact more visible. The measles incidence was correlated more with population 
The data are for all prefectures (a), for prefectures with population size À2.9 million and population density À615/km 2 (b), and for prefectures with population size º2.9 million and/or population density º615/km 2 (c).
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size than with population density. Figure 1 shows the plot of prefectures stratified according to measles incidence per million per year in the population size-density matrix graph. The population density is plotted on the vertical axis and population size on the horizontal axis. In 2008, the measles incidence in almost all prefectures was À10/million/year (diamonds) or 5-10/million/year (closed circles); there were no prefectures with measles incidence º1/million/year. One year after the implementation, prefectures with (Table 2 , all prefectures). The area occupied by prefectures with measles incidence º1/million/year gradually expanded; in 2009, the maximum population size (Smax) and the maximum population density (Dmax) for prefectures with measles incidence º1/million/year were 1.8 million and 278/km 2 , respectively. In 2011, Smax was increased to 2.9 million and Dmax to 615/km 2 (Fig. 1) . Prefectures were classified according to population size and density, i.e., more-populated prefectures were those with a population size AE2.9 million and population density AE615/km 2 , and less-populated prefectures were those with a population size º2.9 million and/or population density º615/km 2 . Although 19 of the 37 less-populated prefectures successfully eliminated measles, all the 10 more-populated prefectures failed to do so (Table 2) .
In other words, the measles elimination goal (incidence º1/million/year) was achieved first by prefectures with lower population size/density, and then by prefectures with higher population size/density. Therefore, the progress in measles elimination is strongly influenced by population size/density, and the progress is slower in regions with high population size/density.
There were some prefectures with smaller population size (º2.9 million)/density (º615/km 2 ), which had never attained a measles incidence of º1/million/year by 2011 (2011 included): they are Iwate, Tochigi, Gunma, Fukui, Yamanashi, Gifu, Mie, Nara, Tottori, Okayama, Hiroshima, Ehime, Nagasaki, and Kagoshima (Nagano and Tokushima do not belong to this category because measles incidence went below 1/million once in 2010) ( Table 1) .
In the administrative map of Japan (Fig. 2) , Tokyo, Aichi, and Osaka/Kyoto, the three most populated prefectures/regions in Japan, are darkly shaded, and their neighboring prefectures are lightly shaded. The neighboring prefectures were within commutable range of the populated prefectures, and their nighttime population is higher than their daytime population (http:// www.stat.go.jp/data/kokusei/2005/jutsu1/00/03 [in Japanese]). Tochigi, Gunma, Fukui, Yamanashi, Gifu, Mie, and Nara in the above list were among them. They are considered to be within``economic'' as well as`e pidemic'' zones of the populated prefectures. As the current measles epidemics in Japan are caused by imported viruses (1), the numbers of registered foreigners were compared in the prefectures (http://www.estat.go.jp/SG1/estat/GL08020103.do? _ toGL08020103 _ &tclassID ＝ 000001037709&cycleCode ＝ 0&request Sender＝search [in Japanese]). Gifu, Gunma, Hiroshima (population size was relatively high, 2.9 million, though the density was º615/km 2 ), Okayama, and Yamanashi in the above list were among the top 22 prefectures that housed more than 12,000 foreigners. Some prefectures in the above list had relatively low vaccine coverage. . Thus, prefectures with low population size/density that failed to achieve measles elimination were, at least, either neighboring more-populated prefectures, housing immigrants, or had relatively poor vaccination coverage. Only Tottori Prefecture did not fit any of these categories. Though we have to continue to monitor the situation in coming years, the following prediction can be made. Prefectures which have not attained measles elimination (º1/million/year) because of poor vaccination coverage will be able to eliminate measles by increasing the vaccination coverage. However, measles elimination will be particularly difficult for prefectures of high population size/density, their neighboring prefectures, and prefectures receiving high numbers of immigrants. It should be noted that, in contrast to the good progress made from 2008 to 2010, the progress has slowed since 2010, particularly in populated prefectures ( Table 2) .
The above prediction is entirely in line with observations made in Panum's report from the 19th century, which suggested that measles epidemics are dependent on population size (6) (7) (8) (9) . An important question here is`w hat is the maximum population size and density that will allow attainment of measles elimination (which is defined as measles incidence º1/million/year)?'' or`w hat is the achievable level of measles elimination for a country with a given population size/density?'' Data from large and heavily populated countries like China will be invaluable for answering such questions.
The current globalization trend will facilitate the easy and rapid movement of measles virus across borders; this will make measles elimination all the more difficult. The WHO's current``target'' (not``definition'') of measles elimination is``the absence of endemic measles transmission in a defined geographical area for AE12 months in the presence of a well performing system'' (3). This criterion is useful so long as there are endemic strains in a country because imported cases can be easily distinguished from endemic ones by genotyping. However, as importation/exportation becomes the rule rather than the exception (1, 10) , this criterion becomes difficult to use. For example, when a virus strain has a genotype identical to that of the previous year's isolate, it will be difficult to judge whether the virus is newly imported or a persistent strain from the preceding year. Tracing the epidemic back to the first patient may be the only way to confirm the virus's origin, but that is not always possible.
Once multiple strains of measles virus start to circulate regionally or globally, whether a strain is imported or not will be of little relevance in practice. In such a situation, we may have to revise the measles elimination criteria based on measles incidence. If the measles incidence is related to population size/density, some WHO member countries with high population size/density may not be able to achieve measles elimination as defined (º1/million/year). We may have to consider a demographically/geographically adjusted elimination level, which is achievable, sustainable, and appropriate for controlling measles epidemics among children. Nevertheless, it is worthwhile considering how to use the above observation to improve the implementation of a vaccination program. The greater dependency of measles incidence on population size means that it is the number, rather than the density, of susceptible people that matters. Therefore, to reduce measles incidence in more-populated prefectures to the level of less-populated prefectures, attainment of the same vaccination coverage (i.e., the same level of susceptible population) is not sufficient; the number of susceptible people has to be reduced to that in the less-populated prefectures. This is possible only through a more intensified vaccination program in the populated prefectures possibly by expanding vaccination target population to higher age groups. The same argument may hold regionally and globally.
Note added in proof I conducted the same type of analysis for AMR countries in their measles elimination phase (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) . However, the study did not show any influence of population size/density on the progress of measles elimination, which may probably be due to their unique geo-demographic characters, i.e., though there were countries with high population density or countries with large population size, there were no countries with both high population density and large population size (5) .
